Of two sensitivecomplexometricreagentsfor the colonmetry of serum zinc that we investigated, one, 2-(5-bromo-2-pyndylazo)-5-diethylaminophenol (Br-PADAP), was foundto be a potentially usefulcompound fortrace-metal determinations. It has a highmolarabsorptivity (120 000 L mor1 cm1) but is not convenientto use because it is not very soluble in water.The otherreagent,a related pyridylazocompound,is 2-(5-bromo -2-pyridylazo) -5-(N-n-propyl.N-3-sulfopropylamino)phenol(5-BR-PAPS). It seems better suited for use in routinezinc determinations because, besides being water soluble, ithas a highermolar absorptivity, 130 000 L mor1 cm. Resultsby the proposed method developedwith5-Br-PAPS correlated wellwiththose by atomicabsorptionspectrophotometry. The between-run CV forcontrolsera was <5%; the within-runCV (same controls)was <4%. However, this analytical tool is not available in all hospital laboratories, whereas spectrophotometers are. Here we describe a sensitive, reliable, and accurate molecular spectrophotometric alternative to atomic absorption spectrophotometry for determinating zinc in serum. To accomplish this, we considered two sensitive reagents for zinc: 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (Br-PADAP) and 2-(5-bromo-2-pyridylazo)-5-(N-npropyl-N-3-sulfopropylainino)phenol (5-Br-PAPS). We studied the potential interference of other metal constituents of serum-calcium, magnesium, copper, and iron-to avoid such interference in our assay. We found that masking zinc and the interfering metals, copper and iron, by cyanide formed totally unreactive complexes for copper and iron; we could then demask the zinc, providing the basis for a very selective method. Data obtained on sera correlated well with data obtained by atomic absorption spectrophotometry, which we consider the most reliable comparison procedure. In addition, strict pH control eliminated any interference by calcium and magnesium, neither of which could be masked easily by complexation. We compared Br-PADAP and 5-Br-PAPS, finding 5-Br-PAPS superior because of its higher molar absorptivity and better aqueous solubility.
finding 5-Br-PAPS superior because of its higher molar absorptivity and better aqueous solubility.
Although each reagent is adaptable to the determination of serum zinc, we will not describe here the procedure involving Br-PADAP for the reasons just given andbecause of its tendency to form turbidity in tests with aqueous samples. Although Br-PADAP reacts less strongly with calcium or magnesium than does 5-Br-PAPS, this advantage for one and shortcoming for both is eliminated if a pH of 7.4 to 8.0 is used. Calcium and magnesium reactivity was deemed especially worthy of investigation, because very little has been reported on interferences by alkaline earths when pyridylazo ligands are used to form complexes with zinc. Use of a pH that is at the lower end of the optimum pH region obviated interference of calcium and magnesium, although consumption of the zinc reagent by these metals must still be taken into account. Otherwise, no interference is encountered with them, because the described demasking process liberates only zinc. We encountered no other potential interferences in the proposed procedures for zinc in serum.
Materials and Methods

Reagents
Water: In preparing the reagents we used "reagent-grade" water devoid of trace metals (New England Reagent Laboratory, East Providence, RI).
Trichiomacetic acid (TCA),
1000 gIL: Prepare this stock solution by dissolving 454 g of iron-and copper-free TCA (G. F. Smith Chemical Co., Columbus, OH) and diluting to 454 mL with water. The working solution is prepared by diluting this reagent 10-fold.
szxrzsbuffer, 240 gIL: Dissolve 24 g of iixszs (Sigma Chemical Co., St. Louis, MO) in approximately 80 mL of water. Titrate the solution to pH 8.0 with sodium hydroxide (500 g/L) and dilute to a final volume of 100 mL. Refrigerated, the buffer is stable for at least one month. When this buffer is mixed with the described aliquot of TCA supernate, the resulting pH will usually be about 7.8.
Sodium cyanide, 30 gIL: Dissolve 300 mg of NaCN in 10 mL of water. Refrigerated, this solution is stable for at least two weeks. 
Chioral hydrate solution:
Dissolve 8 g and dilute to 10.0 snL with water.
Stock zinc solution:
Use a 1 g/L zinc solution sold as atomic absorption spectrophotometry standard. Working zinc solution, 50 mgIL. Dilute 5 mL of stock zinc solution to 100 mL with water in a clean, acid-washed volumetric flask. 
Results and Discussion
Several sensitive ligands have been used for the determination of zinc in serum (1-7) , or as analytical models (1). (1), but we had not considered the calcium or magnesium interference then. To overcome insolubility problems, we used a reaction matrix containing dimethylformamide and SDS. This problem of solubility was reported previously with a reagent prepared with dimethyl sulfoxide to put Br-PADAP into solution (8, 9). Interference by CuU) and Fe(ll) as shown in Figure 1 can be obviated through the use of a cyanide chloral hydrate masking-dernasking system (2, 5, 7) . Zinc, copper, and iron are complexed with cyanide, which masks the ions from further reactions.
The
Adding chloral hydrate first destroys excess cyanide and then the cyanide bound to zinc. The more strongly bound iron and copper ions are unreactive with chloral hydrate and remain as cyano complexes. We use self. blanking of the samples by zeroing them against a reagent blank before the demasking step.
Calcium and magnesium ions, however, are not complexed by cyanide and can consume color reagent. We assessed the reactivity of these metals with Br-PADAP and 5-Br-PAPS and found that at a final pH between 7.4 and 7.8, which is within the range of optimum pH for 5-Br-PAPS E, F , and G. Subtracting spectrum D from those for E, F, and G would give peak absorbances too low in comparison with A-C. The presence of calcium and magnesium may thus leave insuffident reagent uncomplexed for reaction with zinc. This phenomenon of the reaction of calcium and magnesium with pyridylazo type compounds has, to our knowledge, not been reported hitherto. If citrate is included in the Br-PADAP reaction, spectra H-K result, which are almost superimposable on the spectra for the blank and standards, indicating that reagent consumption by calcium and magnesium is averted. However, citrate may also bind zinc, as shown by the zinc spectra thus generated, which are somewhat lower than the spectra for uncontaminated zinc standards. Lower1mg the final pH of the reaction mixture top!! 8.0 with no citrate present and adding chloral hydrate to the standards produced spectra (L-O) analytically identical to those of uncontaminated zinc. Therefore, use of a pH of about 7.4-7.8 will ensure that zinc can be assayed by Br-PADAP without interference from calcium or magnesium, while masking and demasking eliminates interference from Cu(l) or FeUD, or both. The calcium and magnesium effects shown in Figure 2 indicate that if they are tested separately, the results are different than when zinc is present. Such nonstoichiometry would be difficult to deal with unless the pH is lowered. The reaction of 5-Br-PAPS with calcium and magnesium resulted in similar findings, although magnesium reacted more intensely.
Br-PADAP is less water soluble than 5-Br-PAPS and a precipate may form shortly after preparation of this reagent. for zinc involving the use of 5-Br-PAPS, a compound structurally similar to Br-PADAP but more water soluble, owing to the sulfopropylamino side chain. They used a complex masking method that relied on the formation of charged proteins during TCA precipitation to bind copper and iron as fluorides (3). On adding fluoride, only 90% of the iron and 20% of the copper coprecipitated with proteins; the remainder was in the supernate. Addition of more fluoride caused some zinc fluoride to bind to the precipitate. Therefore, they used N-(dithiocarboxy)sarcosine and ammonium persulfate to mask residual copper and iron, respectively, before complexing zinc to 5-Br-PAPS. This seemed a clumsier approach than masking the metals followed by demasking of zinc, a technique we found extremely useful in the past (1,6, 7) . Figure 3 illustrates the spectra produced when the metal ions of interest were complexed with 5-Br-PAPS in a cyanide-free buffer at pH 7.8. Calcium and magnesium were unreactive at this pH. Interestingly, Fe(I1) exhibits a double peak, one at 555 mm and one at 740 nm, a phenomenon also noted with 4-(2-pyridylazo)resorcinol and Br-PADAP, whereas Fe(ffl) was at best only slightly reactive. The molar absorptivities of copper and iron at 555 mm were high. Figure 4 demonstrates the selective capability of the proposed masking-demasking system for measuring zinc in the presence of iron and copper.
Analytical recoveries of zinc in TCA mixtures contaminated with various concentrations of iron and copper are shown in Table 1 . Although not shown, analytical recoveries from pooled sera were also excellent. Results with control sera assayed over several days showed CVs of 5% or less; within-run CVs were 3-4% (Table 2) .
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